Abstract --Introduction. The isolation of humic acid (Ha) from decomposed organic substances such as compost is time-consuming, as it takes not less than 24 h. We investigated whether the isolation time of Ha produced from composted pineapple leaves could be reduced. Materials and methods. Ha from 10 g of pineapple compost was extracted with 100 mL of 0.10 M NaOH. Different extraction times [(4, 8, 12, 16, 20 and 24) h] were tested. At the end of each time, the samples were centrifuged. The dark-colored supernatant liquor containing Ha was decanted and filtered; the pH of the solution was adjusted to 1.0. After acidification, the fractionation times tested were (3, 6, 9, 12, 15, 18, 21 and 24) h. At the end of each fractionation time, the supernatant liquor (fulvic acid) was siphoned off from the acidified extract. The remainder of the suspension was transferred to a polyethylene bottle. Ha was purified by suspending it in 50 mL distilled water, then centrifuged, and the supernatant was decanted. After repeating this procedure five times, the supernatant and the fulvic acid were analyzed for Ca, K, Mg, Mn, Na, Cu, Fe and Zn. The washed Ha was oven dried at 30°C to a constant weight and the Ha samples were analyzed for ash and mineral matter. Results and discussion. The ash content was not more than 1%, the generally acceptable maximum value. The mineral contents decreased in Ha samples with washing. The yield of Ha significantly increased with increasing extraction time, except for the (20 and 24) h extraction times, which did not show statistically different Ha yield, meaning that the exchange sites of Ha of the pineapple compost might have been saturated with Na ions from 20 h. There was no significant difference among the fractionation times, indicating that Ha of the pineapple compost requires about 3 h to equilibrate or stand immediately after acidification for the H ions to replace the Na and the other cations. There was no significant interaction between the factors extraction and fractionation. Conclusion. The isolation of humic acids from composted pineapple leaves can be achieved with an extraction time of 20 h and a fractionation time of 3 h.
Introduction
Humic substances arise from the chemical and biological degradation of plant and animal residues, and from the synthetic activities of microorganisms. As a fraction of humic substances, humic acids play a major role in soil cation exchange capacity, complexation of heavy metal ions and pesticides [1] , soil conditioning (sprinkling of 0.05 g of humic acids per kg of loamy soil reduces runoff time and soil loss by runoff by 36%), and plant growth and development [2, 3] . Recently, calcium and potassium humates of humic acids that can serve as liming agent and organic-based potassium fertilizer, respectively, have been produced [4, 5] .
Agricultural waste such as pineapple residues (e.g., depending on the purity of the extracting, composted pineapple leaves contain 20-30% humic acids [6] , which when well composted can be rich in humic acids) are recycled in most developing countries by open burning before subsequent planting. For instance, approximately 13 t·ha -1 of pineapple residue are produced every growing season on peat soil in Malaysia, but, in the absence of an effective and efficient way of recycling these residues, it is openly burned in situ before replanting. Due to the 1997/1998 haze and fire catastrophe in Southeast Asia that caused an economic loss of US$ 4.085 billion in Indonesia [7] , US$ 321 million in Malaysia [8] , and US$ 69.3 million in Singapore [9] , this kind of residue management practice has raised concern. To discourage burning, K-humate (salt of humic acids), an organically based K fertilizer containing 38% K composted pineapple leaves, has been successfully produced [5] .
Although the time-consuming (2 to 7 days) purification method of humic acids [10, 11] has recently been reduced to 1 day [12] , the isolation time of these acids is still long as the extraction time alone ranges between 4 h (minimum) and 48 h [1, 13, 14] even though an extraction time of 24 h [15] [16] [17] is the usual practice. Besides, fractionation time ranges between (12 and 24) h [1, 14, 17] , although most studies usually use 24 h. To facilitate the humic acid and K-humate production and the use from crop residues as well as to contribute to the reduction of environmental pollution through burning, the objective of the study was to investigate whether the isolation time of humic acids produced from composted pineapple leaves could be reduced or not.
Materials and methods
Composted pineapple leaves with typical compost characteristics produced in one of our studies [5] were used: cation exchange capacity = 68.30 cmol·kg -1 , [C/N] ratio = 11.58, ash = 23.00%. The elemental composition and the dominant functional groups of the humic acids in this compost were the same as already published [6] .
The extraction of humic acids (three replicates) was done using the method described by Stevenson [1] with some modifications. Ten g (dry-weight basis) of compost (at natural moisture level) was placed in polyethylene centrifuge bottles, 100 mL NaOH (0.01 M) [18] 20 ) and 24 h (Et 24 ). At the end of each extraction time, the sides of the bottles were washed with distilled water, and the mixture centrifuged at 7500 rpm for 12 min. The dark-colored supernatant liquors containing the humic acids were decanted, filtered through glass-wool, and the pH of the solutions was adjusted to 1.0 with 6N HCl. The humic acids were allowed to stand or equilibrate at room temperature
The experiment was carried out under N 2 gas (fluxing the polyethylene centrifuge bottles with N 2 gas) so as to minimize chemical changes in the extracted organic matter. The fractionation times used immediately after acidification were 3 h (Ft 3 ), 6 h (Ft 6 ), 9 h (Ft 9 ), 12 h (Ft 12 ), 15 h (Ft 15 ), 18 h (Ft 18 ), 21 h (Ft 21 ) and 24 h (Ft 24 ). At the end of each equilibration, the supernatant liquors (fulvic acid) [19] were siphoned off from the acidified extract. The remainders of the suspensions were transferred to polyethylene bottles, and the humic acids were centrifuged. The method described by Ahmed et al. [12] was used with modifications to purify the humic acids.
The humic acids were purified by being suspended in 50 mL distilled water (excess distilled water can serve as Bronsted-Lowry acid), centrifuged at 7500 rpm for 10 min, and the supernatant was decanted. This procedure was repeated five times, after which the fifth supernatant and the fulvic acid were analyzed for Ca, K, Na, Mg, Mn, Cu, Fe and Zn using an atomic absorption spectrophotometer. The washed humic acids were oven dried at 30°C (no dry freezer available) to a constant weight. The humic acid samples were analyzed for ash by combusting them at 750°C for 4 h [20] .
The effect of extraction time, equilibration time after acidification, and the interaction between these two factors on the yield of humic acids were studied in a factorial manner. The data were analyzed using an analysis of variance method and means separated using Tukey's test. The statistical analysis system (SAS) version 8.2 was used for data analysis.
Results and discussion
When humic acids are extracted, they are usually not free from mineral matter [1] . For instance, an observation shows that the prominence of the 1740 cm -1 spectral band provides evidence of not dealing with a humate or the salt of humic acids, and one of the indicators of the purity of humic acids is the content of mineral matter or ash, which should generally be less than 1%. The ash content of the humic acids was found to range between (0.4 and 0.5)%, a range less than the generally accepted one, indicating that the humic acids in this study contained a relatively low content of inorganic ions. The relatively low ash content of the humic acids may be attributed to washing during purification as washing of the humic acids generally reduced the contents of Ca, K, Na, Mg, Mn, Cu, Fe and Zn (table I). The contents of these elements before washing the humic acids were generally high, but their contents decreased remarkably after washing (table I) . This observation can be explained using the Bronsted-Lowry acid concept due to the fact that, besides removing the cations in solution, the excess distilled water used in the purification process might have served as Bonsted-Lowry acid, thereby donating more hydrogen ions that might have replaced some of the remaining Ca, K, Na, Mg, Mn, Cu, Fe and Zn at the exchange sites of the humic acids which were probably not replaced by hydrogen ions (during acidification) during the period of humic acid separation (precipitation) from the fulvic acid [12] . (table II) . This observation can be partly attributed to the fact that the exchange sites of the humic acids of the pineapple compost need to be at some time saturated with Na ions, hence the difference in the yield with extraction time until between Et 20 and Et 24 when these sites seemed to have reached their saturation level. The yield of humic acids was not significantly affected by the duration of fractionation immediately after acidification. Because the yield of Ft 3 was not statistically different from other treatments, it could be suggested that it takes about 3 h for the exchange sites of the humic acids of pineapple compost to be saturated with H ions after acidification. There was no significant interaction between extraction time and fractionation time, implying that the performances of all of the different fractionation times with any of the extraction times is the same: 3 h of equilibration after acidification is sufficient to displace the Na ions with H ions at the exchange sites of the humic acids. This could also mean that the effectiveness of fractionation was dependent on the duration of extraction. The adoption of an extraction time of 20 h or less and 3 h of fractionation implies that the isolation of humic acids of composted pineapple waste can be done within 1 day.
Conclusions
The yield of humic acids from composted pineapple leaves increases with an increasing period of extraction up to 20 h. Immediately after acidification, fractionation time does not significantly affect the yield of humic acids from composted pineapple leaves but approximately 3 h are required to precipitate the humic acids of this compost. There was no significant interaction between these two factors. The time of isolating (extraction and fractionation) humic acids from composted pineapple leaves can be reduced by 24 h. Through this work, the recycling of pineapple residues in the form of K-humate can be facilitated. This will help not only to discourage pineapple plantation owners from degrading the environment through open burning of pineapple residues, but it may also help to reduce the import bill of non-potassic fertilizer-producing countries such as Malaysia, where the import bill of these fertilizers is very high [21] .
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